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INTRODUCTION 
Systematic study of disease in wild animals forms one of the latest 
branches of animal ecology. It is safe to say that many species suffer 
from outbreaks of disease no less severe than those which attack do-
mestic animals. It is important to know that, under natural conditions, 
the fluctuations in numbers are not. attributable to human interference 
or to diseases contracted from domestic animals maintained in or near 
the wild-animal haunts. Such fluctuations are caused either by disease 
or by unknown factors. Fluctuation in numbers occurs somewhat regu-
larly in some species. It cannot be said that a cyclic decimation of moose 
has ever occurred in Minnesota. As far as can be determined, moose 
were present in Minnesota as early as 1860 ( 1). The last legal hunting 
season for moose was in 1922. Scarcity in numbers made it necessary 
to protect them by Ia w. 
More reports of sick and dead moose are received now than formerly 
because areas inhabited by moose are more accessible, and the general 
public has become more interested in the conservation of wild life. A 
moose seen lingering near a highway or logging road and failing to 
show fear of man is reported to the proper game wardens. 
Diseases that may affect moose are important not only because the 
health and welfare of the animal itself are concerned, but because of 
public health and for economic reasons. The study of such diseases. 
however, is beset with many difficulties. It is possible to observe a 
healthy individual in the wilds only for a very short time. Our study 
has been confined to cases showing abnormal behavior. It has not been 
deemed advisable to destroy any healthy individuals. 
The results of examinations of 11 moose have been reported ( 2). 
In that report it was said: "The knowledge of diseases of wild animals 
as they occur under natural conditions is very meager. It is possible 
that an entirely new and hitherto undescribed pathogen is the cause of 
disease among moose; also that the conditions studied are brought about 
1 Throughout the work here reported the Division of Entomology and Economic Zoology 
has co·opcrated in the parasitological aspects of the study, special acknowledgment being due 
Assistants C. G. Fredine, F. G. Wallace, and Wm. L. Jellison. \Ve also gratefully acknowledge 
assistance re1~dered hy E. F. \Valier, of the Division of Veterinary :Medicine, and hy members 
of the Department of Conservation of the State of i\1innesota. 
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through several forces co-operating to reduce the vitality of moose and 
produce the symptoms observed." 
Since that report was presented, we have observed five live moose, 
holding autopsies after slaughtering them. Moving pictures of these 
animals were taken and a visible record showing the symptoms and 
actions is, therefore, available. The carcass of an additional moose and 
the head and neck of another were also received for examination. 
HISTORY AND HABITS 
It is difficult to obtain authentic reports in regard to disease among 
moose. Surber ( 1) has stated that 70 years ago moose were seen oc-
casionally as near as 80 miles north of St. Paul and Minneapolis. They 
shun civilization, and now they are found in the area north of Lake 
Superior. The western limit of their range in Minnesota can be placed 
arbitrarily at the Lake of Woods. Old settlers and trappers say that 
moose are continually shifting back and forth across the Canadian 
border. Moose are more solitary in their habits than deer. They con-
gregate along certain lakes in the summer when insects are most 
numerous, but the following season are usually found in a different 
place. In searching for information as to first evidences of disease 
among moose, one must depend on information obtained from old set-
tlers and hunters. Statements from such persons indicate that moose 
infested with ticks have been observed for at least 20 or 25 years. The 
moose is the preferred host of the tick, Dermacentor albipictus Packard, 
and infestation is common. 
Ticks found on elk in Itasca State Park were identified in 1915 by 
Howard ( 3) as Dermacentor albipictus Packard. These elk had been 
imported from Montana several years before. Howard's report is the 
earliest authentic record we can find of the presence of this parasite in 
Minnesota, and it is likely that this tick was present in Minnesota be-
fore the importation of elk from Montana. 
The finding of dead and sick moose is not confined to any particular 
section of northern Minnesota. and it is impossible to estimate the ex-
tent of mortality among moose in the state. There is no census of moose, 
and no doubt many dead animals never come to the attention of wardens. 
being consumed by predators. But carcasses are being found by game 
wardens more frequently now than in former years. The writer is in-
formed that more carcasses of yearling moose are found than of older 
animals. vVe are inclined to believe, as before, that the losses are in-
creasing. For the last three years we have made the most thoro ex-
amination possible of every sick and dead moose reported to us by the 
State Conservation Department,-three or four each year. 
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Table 1 
Data on Material Available for Examination 
Moose Material secured Condition at time Examinations 
No. Date for examination of necropsy conducted 
12 February 17, 1933 Entire carcass Found dead Parasitological 
Bacteriological 
Pathological 
13 March 21, 1933 Entire carcass Destroyed Hematological 
Parasitological 
Bacteriological 
Pathological 
14 April 10, 1933 Entire carcass Destroyed Hematological 
Parasitological 
Bacteriological 
Pathological 
15 September 12, 1933 Entire carcass Destroyed Hematological 
Parasitological 
Bacteriological 
Pathological 
16 October 11, 1933 Entire carcass Destroyed Hematological 
Parasitological 
Bacteriological 
Pathological 
17 January 12, 1934 Entire carcass Destroyed Hematological 
Parasitological 
Bacteriological 
Pathological 
18 January 12, 1934 Head and neck Found dead Parasitological 
Pathological 
SYMPTOMATOLOGY 
It is difficult to approach a healthy moose except when flies and other 
insects are numerous. At such times, moose will migrate to lakes and 
streams containing aquatic plants on which they feed, and, while they 
are feeding in the water, one using a canoe may occasionally approach 
within a few yards. But when a moose observes the approach of man, 
it will usually rush into the wilderness. The animals detect the presence 
of intruders chiefly through the senses of smell and hearing. If they 
are warned by sound, they immediately face the wind in order to locate 
definitely the intruder. Once they discover the direction from which 
danger is approaching they escape by going in the opposite direction. 
They have been seen to swim several miles in order to escape. The most 
distinctive feature observed as common to all sick moose is that they 
do not show the usual fear of man. Moose No. 15 was an exception 
to this rule. This bull had been lingering for several weeks within a 
small area along a logging railroad. At the time of our arrival he was 
not to be seen. His bed was found after a short time, and he was 
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tracked through the forest for several hours. Finally he returned to the 
railroad track, and from then on it was possible to drive him a way for 
only a short distance. Moose No. 16 was rather aggressive. She re-
mained constantly near a settler's home and the occupants were afraid 
to leave the house. Several times she charged one of our party who was 
attempting to drive her in order that motion pictures could be taken. 
She appeared to be blind. The motion pictures show that she walked 
against a post supporting a barbed-wire fence. After encountering the 
fence, she turned and walked a way. How she was able to chase a man 
for 7 5 yards and follow close] y cannot be explained unless it was by 
scent alone. 
Two of the moose (Nos. 13 and 15) showed symptoms that were not 
seen in others. Moose No. 13 held her head in a lateral position at 
times, the lower part of the head being turned to the right. At other 
times she held her head in a normal position. The left ear drooped 
sometimes, and then again it was held in the usual manner. The other 
moose, No. 15, was blind in the right eye, and carried its head in a 
similar manner, but turned in the opposite direction-to the left. The 
head could be handled in a normal manner. In observing these two 
animals, one was impressed with two possibilities: either the presence 
of a tick or an infection located in the middle or inner ear. 
One thing common to all diseased moose is their determined effort 
to remain near the place in which they are found. They can be driven 
away, but they will run in a circle to the place from which they started. 
If they are not emaciated, they can be driven for several hours without 
exhibiting any marked evidence of exhaustion. Several of those that 
were emaciated, tired very quickly when driven through deep snow. If 
they are not disturbed by actual driving, they simply stand still, face 
the wind, and maintain a watchful attitude. Only one exception to this 
(No. 16) was observed. In this instance, if undisturbed, the animal 
walked aimlessly-sometimes in small circles. 
Emaciation was common to four moose studied (Nos. 12, 14, 16, and 
18). The other three were in a good state of nutrition. Normal moose 
carry less flesh in the spring than in the fall. Food is not so abundant 
in winter, thus in spring an animal would be more or less. emaciated. 
In the fall, however, a normal moose is usually sleek and fat and has 
a black color. 
Calm and his associates ( 4) state: "The diseased moose behave 
strangely. They become extremely active and are constantly on the run; 
they race blincliy through the woods, bumping into trees and falling 
over other obvious obstacles, or they take to the open spaces of the lake. 
If there is ice, they wander in circles, aimlessly, blindly; if there is 
open water, they swim about without rime or reason, growing weaker 
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and weaker until they drown. If they do not meet a watery grave, they 
eventually exhibit a form of paralysis which causes them to break down 
in the hind quarters, sometimes in the fore quarters." 
Contrary to the reports by Calm and his associates ( 4), paralysis 
has never been noted as a symptom in the moose we have observed. One 
yearling male moose (No. 14) was nearly dead when first observed. 
This animal was extremely emaciated and was hardly able to stand. 
\Vherever he lay down, the snow was stained reel by blood from tick-
bite wounds and from the cmshing of engorged ticks. When led, he 
was able to walk with an unsteady gait. One moose (1\o. 17 ), when 
first observed, was lying on her abdomen with the head extended as 
tho asleep. No attention was given to our presence until we approached 
from the windward side. She then arose without difficulty, gazed about, 
defecated and urinated. No attempt was made to escape. It was neces-
sary to step aside as she approached. After struggling through the snow 
(about three feet deep) for a short time, she stumbled and fell. 1-T av-
ing fallen among trees and windfalls, she got up with difficulty. She 
weakened rapidly and fell more often, as we drove her in order to obtain 
moving pictures. This is the only animal observed that repeatedly threw 
herself over backwards. This was accomplished in a peculiar manner. 
\Vhen she walked or ran into a mass of windfalls, she would climb up 
with her front limbs, and fall over backwards. 
The skin of moose examined during late winter or early ~pring 
frequently shows denuded areas. Presumably the irritation produced by 
large numbers of ticks is resronsible for their rubhing against trees or 
windfalls. Therefore, it is not uncommon to find no hair on the ~kin in 
many places, particularly on the shoulders, neck, ventral and lateral 
sides of the abdomen, the pectoral and inguinal regions. the medial sur-
face of the femoral region, and the posterior surface of the hind limbs. 
The skin in 'these areas has a thick, leathery appearance similar in some 
respects to that of cattle affected with mange. Dried blood was found 
adhering to the skin. Blood may sometimes he seen along the trails and 
on wind falls frequented by tick-infested moose. 
Rectal and intra-abdominal temperatures were taken in all instances 
when a moose was destroyed. The maximum temperature found was 
102.4 ° F. The following is a record of the temperatures: 
Moose No. U. 100.8° F. Rectal temperature. 
Moose No. 14. 102.4° F. Intra-abdominal temperature. 
Moose No. 15, 102.0° F. Rectal temperature. 
l\Toose No. 16, 100.5 o F. Rectal temperature. 
Moose No. 17. 101.4° F. Rectal temperature. 
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NECROPSY FINDINGS 
\Ve have examined by necropsy seven moose since the first publica-
tion was prepared. It was possible, in one instance, to obtain only the 
head and part of the neck. The entire carcass of :Moose No. 12 was 
received for examination. Death was due, no doubt, to an accidental 
injury. The left frontal bone was shattered completely. The fragments 
were removed easily with rat-tooth forceps, and the muscles covering 
the bone were badly bruised. 
The dates when these autopsies were performed were more widely 
distributed throughout the year than those previously reported (2). 
Post-mortem examinations were made in January, February, March, 
April, September, and October. Therefore we were afforded a better 
opportunity to note the tick infestation present and to determine whether 
the host was infested vvith larval, nymphal, or adult ticks, Dennaccntor 
albipictus Pad-card. No ticks were found on one moose (No. 16). All 
others were tick-infested. Some moose were harboring thousands of 
ticks, while several others were practically tick-free. According to our 
data, the larval ticks were found in January and February; the nymphal 
ticks in January, February, March, April, and September, and the adult 
ticks in March and April. All moose autopsied in the latter part of the 
winter have been found heavily infested chiefly with adult ticks. 2 
The skin was removed from each carcass. It was then placed in a 
heavy canvas sack so that no ticks could escape. After a skin was 
brought to the laboratory, the hair was clipped off. Clipping is partic-
ularly important when the host is infested with only a limited number 
of immature ticks. In one instance only nine nymphal ticks were col-
lected from an entire moose hide. 
On opening the carcasses. we found that three of the moose (Nos. 
13, 15, and 17) were in an excellent state of nutrition. An abundant 
supply of fat was found distributed in the usual locations. This finding 
is contrary to our previous report (2). The other four carcasses were 
emaciated. The degree of emaciation varied. Usually when an autopsy 
is performed in March and April, the muscl~s are reduced in size and 
the fat deposits are depleted. 
Lungs.-The lungs in four animals (Nos. 13, 14, 15, and 16) 
were infested with nematodes identified as Dictyocaulus lzadweni Chapin, 
1925. The infestation was severe in one case (No. 14); in others only 
five to ten were found. In case of heavy invasion, both principal lobes 
were involved.- In the others, the parasites were recovered from only 
one lobe. Congestion of the lungs was noted in the areas infested with 
the nematode. 
2 The white tail deer, Odocm"[e1fS virg1"n{an1rs, is also known to be a host of the tick, 
Dermacentor a.lbipictus Packard. The author found two deer infested with this ectoparasite. 
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The lungs of one moose (No. 15) contained 20 cysts. These were 
the cystic stage of the Echinococcus granulosus. This has been con-
firmed by Wallace (2, 5). The cysts were found upon palpation to be 
firm. Such cysts are usually cylindrical but may be decidedly elongated. 
They are found scattered throughout the parenchyma and feel like a 
solid foreign object. They always contain a light-colored fluid. Upon 
close examination, this fluid is found to contain countless numbers of 
small granules resembling grains of fine sand. 
Law and Kennedy (7), of the Ontario Government Fur Farm, re-
cently conducted a post-mortem of an adult moose and found a heavy 
infestation of Echinococcus granulosus in the lungs. The animal was 
weak and showed little inclination to run from the hunter. The normal 
tissue of the lungs was almost completely replaced with cysts containing 
numerous larval scolices. The moose was not infested with Dennacentor 
albipictus. (The season of the year when the autopsy was performed 
was not stated.) 
Wallace ( 5) has listed the parasites found in the examination of 14 
moose in Minnesota. These include the 11 cases that were reported in 
our previous publication (2) and three of the seven cases now being 
reported. The literature pertaining to these parasites has been reviewed 
by Wallace. 
Three cestode cysts, Cysticercus sp., were found imbedded in the 
muscular portion of the diaphragm (two specimens) and in the lungs 
(one specimen). The cysts were collected from Moose No. 16. These 
were examined by Jellison (8) who noted that they were considerably 
smaller than those of Taenia hydatigena Pallas found in deer and moose. 
He fed them to an experimental fox but on necropsy 100 days later no 
cestodes were recovered. Wallace had previously noted similar cysts in 
the heart muscle of two other moose and had called attention to their 
resemblance to those of Taenia soliu1·n. In view of the food habits of 
moose, it is highly improbable that they were the cysts of Taenia soliu.m. 
Ransom ( 14) pointed out that similar cysts in mutton had often been 
reported as identical with those found in pork, but in reality were those 
of Taenia avis. Further experimental work is necessary to determine 
whether this species may be found also in moose. 
Liver.-Parasitic cysts near the surface of the liYer were col-
lected from four cases (Nos. 13, 14, 15, and 17). The number of cysts 
found varied from 3 to 15. These have been identified as Cysticercus 
tenuicollis, the mature form of which, Taenia hydatigcna, parasitizes the 
dog, the wolf, and related carnivora. Cysts obtained from Moose No. 
17 have been fed to an experimental dog free of intestinal parasites. 
The latter was autopsied 67 days later and two tapeworms were re-
covered. C. G. Fredine has identified these cestodes as sexually imma-
10 !1Il:VNESOTA IWLLETIN 3U8 
ture Taenia l1ydatigcna. In this moose similar cysts were found im-
bedded in the mesentery. Flukes were recovered from the Jiyer of 
Moose No. 12. \Vallacc ( 5) identified these as Fascioloides magna 
Bassi. \Vallace ( 5) says: ";\!though this parasite has been reported 
many times from members of the Cervidae in Europe and America, it 
apparently has not previously been found in the moose. The largest 
measured 27 mm. in length and 14 mm. in width while the smallest was 
7 mm. in length and 4 mm. in width .... This is much smaller than the 
Fascioloides ordinarily found in deer and cattle, but nevertheless the 
morphological features seem to be identical with those of the larger 
spcci mens." 
Spleen.-This organ in .i\loose 7\o. 17 was very much enlarged. 
It was 10 inches long and elliptical in shape. Its maximum thickness 
was three inches. Normally this organ is about five inches in length and 
does not exceed an inch in its greatest thickness. It was also very 
hyperplastic. \Vhile being· removed, it was accidentally incised and 
blood spurted from the incision. The spleen appeared to be normal in 
each of the other moose. 
Rumen.---The rumen in every ca:oe was well-filled with food, the 
contents yarying markedly with the time of year and the locality. In 
the fall, especially when moose are found near deserted lumber camps, 
considerable clover and timothy are found in the rumen. In the spring 
the contents consist of balsam, birch, brush and popple twigs. 1\Ioose 
wiii dig through deep snow to obtain frozen plants. The rumen con-
tents were moist. Paramj,!zistouwJn rcrz•£ ( Zeder) was found in one 
case (No. 15). The largest number of parasites was found attached to 
the mucous membrane adjacent to the fold between the rumen and 
reticulum. Ingesta in this area contained a large number of flukes. The 
presence of these flukes is not considered to be of pathological signifi-
cance. In our prevous report, this endoparasite was found in ,\ pril and 
l\Tay ; in this instance the autopsy was in September. 
Intestines.-Congestion of the mucous membrane of the small 
intestine seems to be a constant and possibly a normal finding-. The 
congestion increases in the posterior part of the bowel. Nematodes were 
found in the small intestines of three moose (Nos. 13. 15, and 17). 
The nematodes were identified as N cmatodirellu lonyispiculala York 
and Maplestone ( 12). Cestodes identified as belong-ing to the genus 
l\Ioniezia were found in the intestines of two moose (Nos_ 13 and 16). 
In one instance only fragments of the parasite were recovered. From 
the small intestine of Moose No. 1G, over 18 meters (measured after 
formalin fixation) of tapeworm sections, representing- at least three 
individual worms, were recovered. These definitely belong to the genus 
l\Ioniezia Blanchard, various species of which have been reported from 
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many members of the Cervidae, but apparently not for Alccs alccs 
of Europe or Alccs mnericanus. This material is in good condition and 
stained mounts have been prepared. A specific diagnosis, on the basis of 
the literature alone, is questionable ( 8). Specimens have been sent to 
the Zoological Division of the Bureau of Animal Industry for identifica-
tion. 
A single specimen of another nematode found while examining the 
intestines of Mouse .1'\u. 1() has been determined as a mature female of 
Setaria labiato-papillosa Alessandrini. It has not been reported previously 
for moose, hut is known to occur in other members of the Cervidae (9). 
Species of the Setaria usually infest the peritoneal cavity ancl may be 
found in other serous cavities of the body ( 6). 
Brain.-Congestion of the brain seems to he a rather constant 
necropsy finding. Such congestion was found in .l\Ioose .1'\os. 15 and 17. 
A careful examination was made of the entire auditory tract of two 
moose (Nos. 13 and 15) that held their heads in an abnormal manner. 
No evidence of otitis media was found. There was no tick or other 
obstruction in the ear canal. 
Eyes.-ln one case ( 1\o. 16) a marked opacity of the corne:t uf 
the left eye was observed. Upon examination a live nematode measuring 
9.3 em. long was found in the anterior chamber of the left eye .. \ 
similar nematode was found in the posterior chamber of the right eye 
where it was entangled in a loose mass of abnormal tissue. These may 
be males of Setaria labiato-f'af,illosa. but due to immaturity or abnormal 
development are lacking in spe':ilic characters ( 8). 
In horses specimens of Setaria equina are occasionally found in the 
chambers of the eye, and, according to Kaupp ( 6), may produce an 
opacity of the cornea and an inflammation of the eyeball. 
One other moose (No. 15) ·,,·as blind in the right eye. A scar ap-
proximately one-half inch in length was found upon the corneal surface. 
The cornea vvas opaque and very nmch thickened. Apparently this 
change of the cornea was the result of mechanical injury. 
::\ o gross pathological changes were found in the heart, kidneys. 
hladcler, recticulum, omasum and abomasum in any of the moose. 
BLOOD STUDIES 
Blood specJmens were collected from all the moose that were de-
stroyed. The jugular vein was exposed and punctured as soon as pos-
sible after death from shooting, and hloocl smears were prepared on 
glass slides immediately. In extremely cold we~tther it is necessary to 
keep the slides near one's body for warmth: otherwise, the small amount 
of blood used in making a blood smear freezes before it can be spread 
in a thin film. A quantity of blood was collected, also, in a flask con-
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taining an aqueous solution of 20 per cent potassium oxalate. Approxi-
mately 12 ounces of blood was added to one ounce of the oxalate 
solution to be used for inoculations. Total blood cell counts and 
hemoglobin determinations were made by the following method: 0.5 cc. 
of a 20 per cent solution of potassium oxalate was evaporated to dry-
ness in an ordinary agglutination test tube. To this was acldecl 3 cc. of 
uncoagulated blood. The two were then thoroughly though gently mixed. 
It was found unsatisfactory for counting purposes to fill the diluting 
pipettes at the time of necropsy. They were filled later with oxalated 
blood and fairly satisfactory counts were obtained. Toisson's fluid was 
usee! as a diluent. vVhole blood was collected in sterile test tubes for 
serological examinations. Blood counts of five moose were made. The 
number of erythrocytes varied from 1,600.000 to 6,8-50,000; leucocytes, 
from 2,220 to 4,220; hemoglobin, 85 to 115 per cent. Hemoglobin de-
terminations were made by either Tallquist's or Dare's hemoglobino-
meter. Differential leucocyte counts showed a wide variation. The 
lymphocytes varied from 9 to 55 per cent: polymorphonuclears, from 40 
to 91 per cent; eosinophils, from 0 to 4 per cent; basophils, from 0 to 
3 per cent, and monocytes from 0 to 2 per cent. 
Table 2 
Resclts of Blood Examinations 
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] 5 Sept. 12, 1933 lOOt 4.910.000 2,440 30 66 4 0 None 
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1 i Jan. 12, 1934 95 ,. 4,340,000 3,770 48 50 2 0 0 Slight 
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... Tallquist method. 
t Dare's hcmoglo\,inomctcr. 
Basophilic stippling of erythrocytes, in cases showing anemia, is the 
most striking pathological feature. The erythrocytes of five of seven 
moose included in the previous report (2) showed basophilic stippling. 
while only one moose (No. 14) included in this report showed the stip-
pling. The ratio· of cells showing the inclusion bodies is 1 to 250 or 
less. Some of the erythrocytes contained as high as 45 to 50 bodies, 
and they were not confined to a marginal location. A large majority of 
erythrocytes containing these bodies hac! 25 to 30 of them, and they 
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were rather evenly distributed throughout the cytoplasm of the cell. 
Smears made from the bone marrow of these cases showed erythrocytes 
with similar inclusion bodies. Properly stained blood smears failed to 
show evidence of blood parasites. 
A summary of the results of the studies of the blood of these animals 
is given in Table 2. 
SEROLOGICAL FINDINGS 
. The blood serum of each moose was examined serologically for the 
presence of specific agglutinins, with antigens prepared from Bacterium 
tularense and Bacte7'ium abortus. No evidence of these diseases was 
found by this method. 
BACTERIOLOGICAL FINDINGS 
It is difficult to make bacteriological cultures under the conditions 
v\·hich exist where moose are found. Often it is either raining or snow-
ing, or there is a high wind. Attempts no longer are made to culture 
the organs of the moose at the place of autopsy. The material to be 
cultured is placed in sterile cloth bags and taken to the nearest gO\·ern-
ment or state-owned cabin. An ordinary gasoline blow torch is used to 
heat the instruments needed for preparing bacteriological cultures. Cul-
tures were prepared from the lungs, livers, kidneys, spleens, brains, and 
heart's blood of the five moose. Five types of culture media were used 
in all these examinations; 10 per cent horse serum agar, cystine agar 
in infusion bouillon, plain broth, solidified blood serum, and liver-brain 
media. The organs were then brought to the laboratory and the cultures 
duplicated. Anaerobic cultures, using infusion agar and liver-brain 
media, were prepared which were incubated for at least 10 days. In 
practically all instances the cultures were sterile. In no instance were we 
able to isolate pathogenic bacteria. 
lVIoose Nos. 13 and 14 were heavily infested with Drrmacrntor 
al/Jipiclus Packard. Moose No. 13 was infested chiefly with nymphal 
ticks. On :March 23. 1933, the intestinal contents of 25 nymphal ticks 
were cultured. Before making the cultures, the ticks were washed for 
approximately three minutes in an alcoholic-bichloride solution (SO per 
cent alcohol and 1 to 1,000 bichloride). One tube of in fusion bouiiion 
was inoculated and one senm1-ag·ar slant was streaked with the intestinal 
contents of each tick. During the 10 clays of incubation no bacterial 
growth developed. The intestinal contents of a second group of 25 
adult and nymphal ticks were cultured. The same two media were used 
ag·ain. In this instance the ticks were not washed. A thin safety razor 
\)lade was heated, and while it was hot, each tick was cut longitudinally. 
A sterile platinum loop vvas then used to transfer the intestinal con-
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tents to the media. Many of the cultures remained sterile. The cultures 
that produced organisms grew luxuriantly. The cultures were plated 
and three types of bacteria were isolated. A description of these or-
ganisms is omitted as they were found to be non-pathogenic for guinea 
pigs and rabbits. 
i\Ioose l\o. 14 was infested with thousands of adult ticks. l\Iany of 
the females were partly engorged, while others were fully engorged. 
The intestinal contents of a group of SO adult male and female ticks 
collected from this moose were examined bacteriologically. "-\s before, 
the cultures that produced organisms grew luxuriantly, and the different 
colonies were sub-cultured until a pure culture was obtained. l\ one of 
the cultures proved to be pathogenic for guinea pigs or rabbits. 
l\loose f\:o. 12 had been dead for several clays before it was shipped 
to the laboratory. It was infested with dead larval ticks. \ Ve were 
unable to isolate any pathogenic organism from these ticks by bacterio-
logical examination. 
Se,·eral thousand ticks were sent to two other laboratories expert 
in tick-culture technic. The results obtained by both laboratories were 
comparable to our own. The laboratories were unable to demonstrate 
that the ticks were the Yectors of a pathogenic organism. 
Calm and his associates ( 4) report strikingly different results: "A 
bacterium. Klebsiella paralytica, has been isolated from ticks of this 
species taken from diseased moose ... This organism, when injected 
into animals, has produced symptoms similar to those in the tick-infested 
animals and in the diseased moose. In practically every case, the in-
jection of Klebsiella paralytica has proved fatal. It has been demon-
strated that ·Klebsiella paralytica produces a highly potent toxic sub-
stance. This substance, when injected into animals, produces results 
identical with those obtained by culture inoculations." 
\Ve have not been able to obtain evidence supporting these con-
clusions. \Vhile resen-ing judgment, the question naturally arises as to 
whether or not these workers were dealing with an unusual infection 
not at all common to diseased moose. \Ve were able in all cases to 
remoYe the ticks from the skin within 36 hours a{ter the destruction of 
the moose. Post-mortem changes of the skin of a cleacl moose would 
occur naturally. unless precautions were taken to guard against it. It 
is not known whether ticks in contact with a partially clecomposecl skin 
could acquire an extraneous pathogenic organism. 
EXPERIMENTAL ANIMAL INOCULATIONS 
\\'hen first observed, Moose No. 13 held its heacl in an abnormal 
position. The following experimental animal inoculations were macle: 
Two rabbits we·e inoculated intracranially with ;zi cc. of a saline sus-
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pension prepared from the brain. Four guinea pigs were inoculated 
subcutaneously, two with 1 cc. and two with 0 cc. of a saline suspen-
sion prepared by macerating portions of skin that hac! been infested 
heavily with ticks. The lumbar region was the site of inoculation. Two 
guinea pigs were inoculated intraperitoneally with 2 cc. of diluted 
oxalated blood. Two guinea pigs were inoculated intraperitoneally with 
2 cc. of a saline suspension prepared from the brain. Negative results 
were obtained. 
One sheep was inoculated with 1/:2 cc. of a saline suspension prepared 
from the brain. The inoculum was injected directly into the cerebrum 
through a trephine opening. The sheep was held under observation for 
60 clays. Negative results were obtained. 
As soon as the material from Moose ;\; o. 14 was brought to the 
laboratory, it was used to repeat the experimental animal inoculations 
recorded for JVIoose No. 13. Negative results were obtained. 
l\faterial from the other three moose. ( 1\ os. 15, 16. and 17) \vas 
brought to the laboratory to be used for inoculation purposes. .c\ mJm-
ber of guinea pigs and rabbits were inoculated in each instance. ~ega­
tive results were obtained. 
TICK ATTACHMENT EXPERIMENTS 
It was stated in our previous report (2) that attempts were made 
to have ticks attach to guinea pigs and rabbits. Those that did attach 
did not become engorged. .c\n improwd technic, described by Jellison 
and Philip ( 11 ) , was used in these later studies. ."\ copper-wire gauze 
cage was substituted for tin capsules. :-\ coarse clipper was used to 
remove the hair before the cages were applied. Cloth skirts used to 
hold the ticks to the body were not so successful as the metal cages. 
Skin necrosis may develop, unless care is taken in applying the \vire 
cages to the experimental annnals. 
C aim ancl his associates ( 4) report: "Ticks (Dermacentor albipictus) 
taken from diseased moose and placed on animals in the laboratory have 
produced in these animals symptoms similar to those of moose disease.'' 
Three hundred male and 300 unengorgecl female ticks, and 40 
nymphal ticks \vere collected from Moose I\ o. 13. Twenty ticks were 
placed on each of 28 guinea pig·s. \Vire cages were used to retain the 
ticks on 24 of the cavies. Only a few of the nymphal ticks, but all of 
the adults, attached. They remained attached for an aYerage of 10 clays. 
Eight of the females became fully engorged. The nymphal ticks that 
did attach moulted to adults. Four guinea pigs died during the experi-
ment. 
Twenty adult ticks ( 10 males and 10 females) were placed on each 
of four rabbits. All of the ticks attached. Two of the rabbits died. In 
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one instance death resulted from fig-hting-; in the other, it resulted from 
fatty metamorphosis of the liver. 
Two hundred seventy-four ticks, consisting- of 18 eng-org-ed females, 
140 uneng-org-ed females, and 116 males, were collected from lVIoose No. 
14. From 10 to 13 ticks were placed on each of 21 g-uinea pigs. The 
engorg-ed females did not attach. All of the adult ticks attached. The 
period of attachment varied from 7 to 16 clays. Four of the g-uinea pig-s 
died. 
About 250 nymphal ticks were collected from Moose No. 17. Twenty 
were placed on each of 12 g-uinea pig-s. Practically all of the ticks 
attached. In a sudden extreme change of temperature-to 20 deg-rees 
below zero-nine of the g-uinea pig-s froze to death. The ticks were not 
remO\·ed from the frozen carcasses until 24 hours later. Only one-half 
of the ticks survived the exposure, and these were placed on six g-uinea 
pigs. The ticks attached ag-ain, and many moulted to adults. Eig-ht of 
the ticks appeared to be fully eng-org-ed. The period of attachment ex-
ceeded one month in several cases. No deaths of g-uinea pig-s, other 
than as stated above, have occurred. 
Four guinea pigs, infested with ticks from Moose No. 13, died dur-
ing- the experiment. The vital organs of each guinea pig were subjected 
to a bacteriolog-ical examination and negative results were obtained. A 
saline suspension prepared from the heart's blood and spleen of each 
carcass was injected intraperitoneally in 1 and 2 cc. closes into two 
g-uinea pigs. The inoculated pig-s were held under obset'vation for 40 
days and remained healthy. 
Four guinea pigs, infested with ticks from Moose No. 14, died dur-
ing the experiment. A thoro bacteriolog-ical examination was made of 
the vital org-ans of each carcass. In two instances negative results were 
obtained. Esclzcriclzia commzmior was isolated from the internal organs 
of one g-uinea pig. The prominent gross lesion of the fourth animal was 
pneumonia. Both lobes of the lungs were involved. Cultures prepared 
from the heart, liver, or spleen remained sterile. Cultures prepared 
from the lung-s produced a gram negative coccus which grew readily on 
10 per cent horse serum agar. This org-anism did uot ferment dextrose. 
lactose, saccharose, mannite or maltose. A saline suspension of this or-
ganism was injected intra peritoneally into two guinea pigs. These 
animals were held under observation for six weeks. Negative results 
were obtained. 
Our results are quite different from those obtained by Calm and his 
associates ( 4). These authors describe the symptoms of diseased moose 
and also say that the laboratory animals on which ticks were placed 
showed symptoms similar to affected moose. The symptoms observed 
by us. as described, were quite different from those mentioned by these 
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authors. Also, the results of our studies of sick moose, which have been 
far more extensive than those of Calm and his associates, lead us to 
doubt the pathological importance for moose of the organism isolated 
by these authors. 
Blood Studies of Tick-Infested Experimental Animals 
Blood studies were planned in order to observe any changes that 
might occur in the blood of experimental animals after they had become 
tick-infested. A preliminary blood examination was made of the guinea 
pigs, and only those with normal blood were used. The blood examin-
ation in all instances consisted in the following: hemoglobin determin-
ation, total erythrocyte and leucocyte counts, differential leucocyte 
counts, and blood smears vvere examined to ascertain whether any 
morphological changes of individual blood cells had occurred. :\fter 
ticks were placed on the guinea pigs, the blood of each animal was ex-
amined weekly. 
The blood of 58 guinea pigs was examined regularly at weekly 
intervals. It is not necessary to include data in relation to the different 
total blood counts or differential leucocyte counts. No evidence of 
anemia was found. Individual blood cells presented no pathological 
features. The blood contained no micro-organisms that could be demon-
strated by any method known to us. 
Here again Calm and his associates ( 4) obtained different results. 
These authors state: "The blood picture of the cliseasecl moose and that 
of the infected experimental animals were found to be similar, and all 
of these animals on which adult females of Dermacentor albipictus has 
engorged for over two clays cliecl." 
HISTOPATHOLOGICAL EXAMINATION 
Portions of various organs, especially of the central nervous system. 
were fixed in 10 per cent formaldehyde solution. Sections of the nervous 
system were fixed in alcohol. Tissues for microscopic examination were 
prepared and stained by different technics. The stains used included 
hematoxylin and eosin, hematoxylin and methylene blue. basic fuchsin. 
Gram-\Veigart, and a special stain for the demonstration of Nissl's 
bodies. No significant pathological changes were observed in any of the 
tissues from five moose (Nos. 12. 13, 14. 16, and 18). 
The splenomegaly of Moose No. 17 was the result of congestion. 
There was no evidence of a toxemia. 
An important pathological change was founcl in the brain stem of 
Moose No. 15. the bull that carried his head in an abnormal position. 
The lesions consisted of a perivascular cuffing of lymphocytes around 
the arteries ancl veins. Around the larger blood vessels. the cuffing 
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wa marked. T here were no hemorrhagic a reas in the brain tem. Sec-
tions from the cerebrum and cerebellum did not show any pathologic 
changes. 
S ign ifi cant path ological changes were found also in the brain tem 
of M oose N o. 17. The lesions consi ted of an extensive peri vascular 
cuffing of lymphocytes around the arteri es and veins. The lymphocytes 
were inter pe rsed with a sma ller number of erythrocytes and around 
the e was an a rea of hemorrhage. O ther areas showed evidence of 
hemorrhage only. Both types of le ion were rather diffusely cattered 
in onl y a limited part of the brain stem. imilar lesions were not fo und 
in the cerebrum and cerebellum. 1\Ieyer, Haring, and H owi tt ( 10) de-
cribed cer ta in lesions found in the brain of horses affected with a neuro-
t ropic v iru . T he les ion found in the brain stem o f these t wo moose 
corre pond in ome respects to tho e described by these authors. T he 
interpretation of these abnormaliti es has been complicate I by th e findin g 
of a small nematode para ite in the brain stem of Moose No. 17. T he 
sections of the worm were of a uni fo rm size, the greatest di ameter being 
2 8 microns and the small e t 192.4 micron . T he cuticle is very thin 
Fi g. 1. P hotomicrograph of a cross-sect ion o f the nematode found in th e brain stem of 
l oose 'o. 17 . (240 X ) Note tha t cellul a r infiltration of th e t issues 
su rroun d ing the paras ite is absent. 
and the musculature poorl y developed. The digesti ve tube and the t wo 
adj acent tubes of the reproducti ve organs in the body cavity of the 
pa ra ite are shown i1i F igure 1 and 2. T he reproducti ve tubes measure 
57 mi cron in diameter . T he worm was evidently immature and no 
characteri sti c st ructures that wo ul d aid in determining it identity were 
found. Immediately a fter the brain was removed from the cranial 
F ig. 2. Photo mi crograph of the sa me pa ras ite show n in Fig. 1. (240 .X ) 
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cavity, it was placed intact in a 10 per cent formaldehyde fixative solu-
tion. After the fixation was completed, sections were taken from vari-
ous parts of the brain for microscopic examination. The nematode was 
found in one of the small sections taken from the brain stem. Many 
serial sections of the latter were examined. Other sections from the 
brain stem were studied. The parasite was located in a small part of 
the pons. The posterior boundary of the area was about one-half inch 
anterior to the middle cerebellar peduncles. Serial sections gave no 
clue to the specific identity of this nematode parasite. So far we have 
been unable to examine the entire worm by the one method available. It 
would be difficult to recover such a small nematode intact from brain 
tissue by dissection methods. Examination of many serial sections of 
the brain stem tissue adjacent to the parasite did not show an extensive 
amount of cuffing and hemorrhage. There was no inflammatory reac-
tion of the brain tissue immediately surrounding the nematode; nor was 
the parasite surrounded with a cellular infiltration. There is, of course, 
a possibility that this parasite was migrating through the brain tissue 
and that it had very recently invaded the area in which it was found. 
If so, it would be conceivable that the lesions observed in the brain tis-
sue were caused by the parasite, and that the absence of definite lesions 
immediately adjacent to the parasite could be accounted for by the fact 
that the invasion of this particular area was recent. 
DISCUSSION AND SUMMARY 
vVe have reasons to believe that occasionally moose die as a result of 
mechanical injury. Moose No. 12 is an example. The carcass was 
shipped to the laboratory. It was reported that the animal had been 
observed wandering about in circles. Larval and nymphal ticks were 
found in the hair and on the skin; but all were dead. The autopsy re-
vealed a severe contusion of the left frontalis muscle, and the frontal 
bone on the same side was fractured. After the muscle was removed, 
the fractured portions of the bone were removed without the aid of 
bone-cutting instruments. To those familiar with the habits of moose, 
it is surprising that more of them are not injured accidentally. 
Opportunity has been afforded to observe five living sick moose and 
afterward to conduct autopsies of these animals. Moving pictures of 
each excellently portray their appearance, the symptoms, and many in-
teresting characteristics. They also show some of the difficulties that 
one encounters while studying moose in their natural habitat. 
Diseased moose usually show only a limited number of symptoms, 
among which are their lack of fear of man, their determined effort to 
remain within a small area, and their general weakened condition. Moose 
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No. 16 was practically blind, while No. 15 had impaired VISIOn of one 
eye. The actions of the diseased moose, as described by Calm and his 
co-workers ( 4) are not in accord with our observations. Diseased moose 
have never been observed to be constantly on the run or to race blindly 
through the woods. Instead, they have a tendency to remain within a 
rather limited area. Moose No. 13 was known to have remained con-
stantly for two weeks within a somewhat circular area not more than 
five acres in extent. This could be determined easily by tracks in the 
snow. Moose are known to remain standing or lying clown in one spot 
for several hours. When sick moose have been reported, we have found 
them one or two days later, with one or two exceptions, near the place 
where they were first observed. Those that had wandered were found 
nearby. These animals were in a weakened condition but were able to 
walk with an unsteady gait. We do not know just how long each moose 
would have lived if it had not been destroyed, but we believe that death 
would have occurred within a short time. 
Our observations indicate that moose are not affected with a disease 
of seasonal periodicity. This is contrary to the statement of other 
authors ( 4). It is true that more dead and sick moose are found dur-
ing the winter and early spring than during the remainder of the year. 
Autopsies have been made in every month of the year with the excep-
tion of July and August. Furthermore, it appears that heavy infestations 
with the tick, Dermacentor albipictus Packard. are not necessarily found 
on diseased moose. 
The data show that the tick, Dermacentor albipictus Packard. has 
been found on its preferred host in the months from September to May, 
inclusive. The tick remains on the host for both moults. Ovipositing by 
the engorged female upon the hair or skin of live moose has not been 
observed, tho careful observations have been made. 
In these studies (2, 5, and 8) the following animal parasites have 
been collected from the American moose, Alces mncriranus: 
Cestoda 
Cysticercus sp. (larval) 
Taenia hydatiqcna Pallas (larval) 
Eclzinocorcus qranulosus ( Batsch) (larval) 
M onic.c:ia sp. 3 
Nematoda 
Dictyocaulus hadwcni Chapin 
N CJ1wtodirclla longispiculata York and Maplestone 
Setaria labiato-papalosa Alessandrini3 
3 Reported for the first time for moose. 
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Trematoda 
Fascioloides 111ayna (Bassi) '1 
P eram phistoJnllln cerz•i ( Zeder) 
Acarina 
Dern1accntor aluipictus Packard 
Diptera 
Simulium ·z•crwstum Say·' 
To this list must be added the uniclentifiecl nematode parasite found 
111 the brain stem of one moose (1\'o. 17). 
Riley (13) reported the finding of the cysts of Echinococcus gran-
ulosus in six out of 13 moose examined for parasites. The author with 
others:' has examined lG moose and found seven infestations. This 
large per cent of infestation resulted in a search to find, if possible, a 
reservoir of infection. On one of our trips to examine a moose, we were 
informed that a wolf had been trapped by a game warden. The carcass, 
the pelt removed, had been left in the woods. In order to obtain the 
carcass, it was necessary to travel 80 miles by car and four miles by 
canoe. The wolf was not in fest eel with the adult Echinococcus. Later 
on, at our request, the district chief warden, Arthur Johnson, shipped 
two additional wolf carcasses to the laboratory. Both carcasses were 
heavily infested with adult Echinococcus. Riley ( 13) said: "Cooper 
Curtice, in 1892, notes 'Taenia echinococcus von Siebold, very minute, 
found but once, in a dog killed at \Vashington, D.C., pound' ... I in-
quired of Dr. lVI. C. Hall, Chief of the Zoological Division of the 
Bureau, and was informed that they had not encountered the adult worm 
except in experimental feedings." 
\Ve are unable to evaluate the pathological significance of the nema-
tode found in the brain stem. Certainly the large eye worm would 
cause impaired vision, especially the one found in the posterior chamber 
of the eye. In this instance the parasite vvas entangled in a mass of 
tissue. Liver flukes can cause a great deal of damage to the infested 
organ, but the liver evidently has great power of tissue regeneration. 
Many deer livers, obtained from apparently healthy animals, have been 
examined. As many as 25 to 30 flukes have been recovered from a single 
liver. It is doubtful whether the liver fluke is an important etiological 
agent causing the death of moose. The presence of other internal para-
sites. with special reference to Echinococci and lung worms, do not 
account for all the syn1j)toms. Nematodireila andlVIoniezia too have been 
found, and these, uncloubteclly, play some part in emaciation and the 
·
1 Reported for the first time for moose. 
,; E. F. \Valier, C. G. Fredine, F. G. \Vallace and \Vm. L. Jellison. 
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lack of thrift in the affected animals. One thing is certain, as a gen-
eral rule moose are heavily parasitized. 
The possibility that the tick may be a vector of some bacterial or 
protozoan disease is fully recognized, but the transmission of such an 
infection to guinea pigs and rabbits has failed. 
Calm and his co-workers ( 4) have stated: "\Vhile we have not 
proved that Klebsiella paralytica is the cause of moose disease, we have 
presented a series of observations which strongly indicate that it may 
be the cause." These authors, by taking ticks from a clead moose and 
placing them on animals in the laboratory, were able to produce in these 
animals symptoms similar to those which had been observed by them 
in moose. The same authors isolated a bacterium, Klebsiella paralytica, 
from the intestinal contents of an engorged adult female Dermacentor 
albipictus. This organism, when injected into animals, produced symp-
toms similar to those in the tick-infested animals and in the diseased 
moose. Furthermore, they present evidence that this organism produces 
a highly toxic substance. 
In our own experiments we have removed the ticks from the skin 
within 36 hours after the destruction of moose. In one instance it is 
known that the piece of skin which these investigators ( 4) received 
was removed from an animal that had been found dead. 
l,i\/ e have outlined in detail the experiments that were conducted by 
placing ticks on laboratory animals. Our results were negative in pro-
clueing any symptoms of disease. The deaths that dicl occur have been 
mentioned. The tick-infested guinea pigs often became emaciated, but 
that is not surprising, because they constantly tried to free themselves 
of the parasites. At the present time we have guinea pigs that have 
been tick-in fest eel for two months. Some of the ticks have been en-
gorging for one month. 
The blood of the tick-infested guinea pigs has been examined regu-
larly and no pathological changes have been found. 
Various organisms that were non-pathogenic to guinea pigs haYe 
been isolated from the intestinal contents of the tick, Dermarc11tor 
albipictus Packard. All of the organisms isolated haYe been sub-cul-
tured regularly. They continue to be avirulent to guinea pigs. 
The results of blood examinations of the moose haYe been largely 
negative. Basophilic stippling of erythrocytes in conjunction with a sec-
ondary anemia is the only patholog-ic feature that has been observed. 
The significance of the inclusion bodies found in the blood cells of 
animals affected with other diseases is not unclerstoocl entirely. They 
may prove to be of greater importance, when more is known about these 
intracellular structures. Eosinophilia has not been found eYen in those 
animals infested heavily with cestocles. 
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Fig. 3. Photomicrograph of brain stem of Moose No . 17. (90 X) Cuffing of lymphocytes around the blood vessels is shown. 
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Negative results were obtained by inoculating experimental animals 
with saline suspensions prepared from the different vital structures of 
moose. The basal encephalitis that has been found in two moose ( l\' os. 
15 and 17) is of pathologic importance (Figure 3). The perivascular 
cuffing of lymphocytes and hemorrhage were confined to only a part 
of the brain stem. Similar lesions were not found in the cerebrum or 
cerebellum. It is difficult to interpret the significance of the basal 
encephalitis in terms of pathological interference with nerve impulses 
transmitted through the brain stem. It is reasonable to suppose that an 
encephalitis could be responsible for certain of the symptoms observed 
and also for death. The role of the nematode parasite found in Moose 
No. 17 is not clear. Experimental animals were not inoculated with 
brain material from this moose, and, therefore, we do not have any data 
regarding the nature of the etiological agent. The latter remains to be 
demonstrated. 
Our knowledge of the diseases that affect wild animals under natural 
conditions is limited. Vve are more convinced than before ( 2), despite 
the evidence presented by other authors ( 4), that the losses of moose 
that occur in Minnesota are not the result of a single pathogen, also 
that the conditions studied are brought about through factors co-oper-
ating to reduce the vitality of the moose. 
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